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Proposed Text Related to Frame Structure Section 
for the IEEE 802.16m Amendment
Sungho Moon, Jin Sam Kwak
LG Electronics.

1. Introduction
This contribution includes the proposed text for the frame structure sections in the IEEE 802.16m Amendment. The technical text and ToC are inherited from the 802.16m SRD [1], and the IEEE 802.16m SDD [2] and the IEEE P802.16 Rev2/D7 [3]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [4]. In this contribution, amendment text including several illustrations is proposed for the section in which 16m members have enough consensus. The sections which are continuing to be discussed in SDD were not described in this contribution. 
2. Overall Structure
· The proposed amendment text consists of 6 subsections from 15.3.1 to 15.3.6 under “Section 15.3 Physical layer” as follows:
· 15.3.1. Introduction

· 15.3.2. OFDMA symbol description, symbol parameters and transmitted signal

· 15.3.3. Duplex modes

· 15.3.4. Downlink and uplink multiple access schemes

· 15.3.5. OFDMA parameters

· 15.3.6. Frame structure

· Subsection 15.3.1 generally describes the Advanced Air Interface (AAIF). 

· Subsection 15.3.2 is inherited by the section “8.4.2 OFDMA symbol description, symbol parameters and transmitted signal” in the IEEE P802.16 Rev2/D7 [3].
· Subsections from 15.3.3 to 15.3.6 are inherited by the sections from “11.1 Duplex modes” to “11.4 Frame structure” in the IEEE 802.16m SDD [2]. 
3. Key descriptions in Subsection 15.3.2

· For describing Subsections 15.3.3 ~ 15.3.6, basic notations are captured from the IEEE P802.16 Rev2/D7 [3].

· There are only two categories of channel bandwidths; 1) multiples of 1.75MHz and 2) multiples of 1.25MHz in accordance with the IEEE 802.16m SRD [1].

· The ratios of CP duration to “useful” symbol duration are only defined by 1/16 and 1/8.

4. Modifications from the SDD in Subsections 15.3.3 ~ 15.3.6
· Terminologies of “IEEE 802.16e (legacy)” or “IEEE 802.16m” are changed to “WirelessMAN-OFDMA” and “Advanced Air Interface (AAIF)”, respectively, in the overall document.

· Text in Subsections “15.3.3 Duplex modes” and “15.3.4 Downlink and uplink multiple access schemes” are the same as those in SDD.
· Text and the OFMDA parameter table in Subsection “15.3.5 OFDMA parameters” are the same as those in SDD, except a deletion of a sentence “A CP size longer than 1/8 is used in channels with long delay spread” from SDD.
· Text and the basic frame structure illustration in Sub-subsection “15.3.6.1 Basic frame structure” are the same as those in SDD, except inserting the only paragraph of “11.4.1.4 Transmission time interval” in SDD.
· Text in Sub-subsection “15.3.6.2 Frame structure for G=1/8” are the same as those in SDD, except adding brief sentences to specify the frame structure for G=1/8 based on the consensus in SDD.

· Text and the frame structure illustration in Sub-subsection “15.3.6.3 Frame structure for G=1/16” are the same as those in SDD, except an addition of brief sentences to specify the frame structure for G=1/16 based on the consensus in SDD.
· Text in Sub-subsection “15.3.6.4 Frame structure supporting the WirelessMAN-OFDMA frames” are captured from the related section in SDD.

· Sub-subsection “15.3.6.5 Frame structure supporting H-FDD MSs” is necessary. Since the detailed text is not included in the current SDD, the amendment text is TBD and further discussion for consensus building is a prerequisite.  
· Text and the illustration in Sub-subsection “15.3.6.6 Frame structure supporting wider bandwidth” are the same as those in SDD, except a deletion of the last two paragraphs since the one paragraph is already included in Sub-section 15.3.6.4 and the other paragraph is FFS.
· Text and illustrations in Sub-subsection “15.3.6.7 Frame structure supporting multicarrier operation in WirelessMAN-OFDMA support mode” are TBD because multicarrier Rapporteur Group is still discussing about this section.

· Text and illustrations in Sub-subsection “15.3.6.8 Coexistence support in frame structure” are captured from the related SDD sections. 
· Text and illustrations in Sub-subsection “15.3.6.9 Relay support in frame structure” are TBD because the SDD still remains two options.

5. References
[1] IEEE 802.16m-07/002r4, “802.16m System Requirements” 
[2] IEEE 802.16m-08/003r5, “The Draft IEEE 802.16m System Description Document”
[3] IEEE P802.16 Rev2 / D7, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.

[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
6. Text proposal for the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
3. Advanced Air Interface 

3.1. Physical layer 
Introduction

The Advanced Air Interface (AAIF) is designed for NLOS operation in the frequency bands below 6 GHz. For licensed bands, the channel bandwidths shall be limited to the regulatory provisioned bandwidth no less than 5 MHz. 

OFDMA symbol description, symbol parameters and transmitted signal 
Time domain description 
Inverse-Fourier-transforming creates the OFDMA waveform; this time duration is referred to as the useful symbol time Tb. A copy of the last Tg of the useful symbol period, termed CP, is used to collect multipath, while maintaining the orthogonality of the tones. Figure 15-3-2-A illustrates this structure.
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Figure 15-3-2-A OFDMA symbol time structure
Frequency domain description 
The frequency domain description includes the basic structure of an OFDMA symbol. An OFDMA symbol is made up of subcarriers, the number of which determines the FFT size used. There are several subcarrier types: 
· Data subcarriers: for data transmission 
· Pilot subcarriers: for various estimation purposes 
· Null carrier: no transmission at all, for guard bands and DC carrier 
The purpose of the guard bands is to enable the signal to naturally decay and create the FFT “brick wall” shaping.
Primitive parameters 
The following four primitive parameters characterize the OFDMA symbol: 
· BW: The nominal channel bandwidth. 
· Nused: Number of used subcarriers (which includes the DC subcarrier).
· n: Sampling factor. This parameter, in conjunction with BW and Nused determines the subcarrier spacing and the useful symbol time. This value is set as follows: for channel bandwidths that are a multiple of 1.75 MHz, then n = 8/7; else, for channel bandwidths that are a multiple of 1.25MHz, then n = 28/25
· G: This is the ratio of CP time to “useful” time. The following values shall be supported: 1/16 and 1/8.
Derived parameters 
The following parameters are defined in terms of the primitive parameters of 15.3.2.3: 

[image: image2.wmf]FFT

N

: Smallest power of two greater than 
[image: image3.wmf]used

N


Sampling Frequency: 
[image: image4.wmf]8000

)

8000

(

floor

´

×

=

BW/

n

 

s

F

 

Subcarrier spacing: 
[image: image5.wmf]FFT

N

s

F

f

/

=

D


Useful symbol time: 
[image: image6.wmf]f

T

b

D

=

/

1


CP time: 
[image: image7.wmf]b

g

T

G

T

×

=


OFDMA symbol time: 
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Transmitted signal
Equation (Eq. 15.3.2-A) specifies the transmitted signal voltage to the antenna, as a function of time, during any OFDMA symbol.
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  (Eq. 15.3.2-A)

where, 
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is the time, elapsed since the beginning of the subject OFDMA symbol, with 
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is a complex number; the data to be transmitted on the subcarrier whose frequency offset index is k, during the subject OFDMA symbol. It specifies a point in a QAM constellation. 
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is the OFDMA symbol duration, including guard time.
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Duplex modes
In the licenced bands, the Advanced Air Interface (AAIF) shall support either TDD or FDD duplex mode. The AAIF FDD MSs may be full-duplex (FDD) or half-duplex (H-FDD). The AAIF FDD BS shall support both MS types concurrently. Unless otherwise specified, the frame structure attributes and baseband processing are common for all duplex modes.
Downlink and uplink multiple access schemes
The AAIF uses OFDMA as the multiple access scheme in the downlink and uplink. 

OFDMA parameters

The OFDMA parameters for the AAIF are specified as follows:
	The nominal channel bandwidth, BW (MHz)
	5
	7
	8.75
	10
	20

	Sampling factor, 
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	28/25
	8/7
	8/7
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	Sampling frequency, 
[image: image18.wmf]s

F

 (MHz)
	5.6
	8
	10
	11.2
	22.4

	FFT size, 
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	1024
	1024
	1024
	2048

	Subcarrier spacing, 
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(kHz)
	10.94
	7.81
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	Useful symbol time, 
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 (us)
	91.4
	128
	102.4
	91.4
	91.4

	CP ratio, G = 1/8
	OFDMA symbol time, 
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 (us)
	102.82
	144
	115.2
	102.82
	102.82

	
	Number of OFDMA symbols
per 5ms frame
	48
	34
	43
	48
	48

	
	Idle time (us)
	62.86
	104
	46.40
	62.86
	62.86

	CP ratio, G = 1/16
	OFDMA symbol time, 
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 (us)
	97.143
	[TBD]
	[TBD]
	97.143
	97.143

	
	FDD
Number of OFDMA symbols per 5ms frame
	51
	[TBD]
	[TBD]
	51
	51

	
	Idle time (us)
	45.71
	[TBD]
	[TBD]
	45.71
	45.71


Table 15.3.5-A OFDMA parameters for the Advanced Air Interface
Frame structure
Basic frame structure

The AAIF basic frame structure is illustrated in Figure 15.3.6-A. Each 20 ms superframe is divided into four equally-sized 5 ms radio frames. When using the same OFDMA parameters as in 15.3.5-A with the channel bandwidth of 5 MHz, 10 MHz, or 20 MHz, each 5 ms radio frame further consists of eight subframes. A subframe shall be assigned for either DL or UL transmission. There are two types of subframes depending on the size of cyclic prefix: 1) the type-1 subframe which consists of six OFDMA symbols and 2) the type-2 subframe that consists of seven OFDMA symbols. In both subframe types, some of symbols may be idle symbols.
Each superframe begins with a DL subframe that contains a superframe header. The one subframe is a default transmission time interval (TTI), where the TTI is the duration of the transmission of the physical layer encoded packet over the radio air interface and is equal to an integer number of subframes.
The basic frame structure is applied to FDD and TDD duplexing schemes, including H-FDD MS operation. The number of switching points in each radio frame in TDD systems is either two or four, where a switching point is defined as a change of directionality, i.e., from DL to UL or from UL to DL.

When H-FDD mobile stations are included in an FDD system, the frame structure from the point of view of the H-FDD mobile station is similar to the TDD frame structure; however, the DL and UL transmissions occur in two separate frequency bands. The transmission gaps between DL and UL (and vice versa) are required to allow switching the TX and RX circuitry. 
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Figure 15.3.6-A Basic frame structure of the Advanced Air Interface
Frame structure for G = 1/8

The AAIF frame structure for a CP length of 1/8 Tb shall consist of type-1 normal and short subframes. 

For nominal channel bandwidths of 5, 10, and 20 MHz, an AAIF frame shall have eight type-1 subframes from 48 OFDMA symbols according to 15.3.5. In each TDD frame, the last one OFDMA symbol in a type-1 normal subframe should be an idle symbol, which is used to accommodate the gap required to switch from DL to UL. Regardless of the DL to UL ratio in the TDD, a single type-1 short sub-frame is located in the last DL region. All type-1 normal subframes are used for each FDD frame. Each FDD frame shall have eight type-1 normal subframes, and each TDD frame should have seven type-1 normal subframes and one type-1 short subframes.

Figure 15.3.6-B illustrates an example of TDD frame structure with DL to UL ratio of 5:3. Assuming OFDMA symbol duration of 102.857µs and a CP length of 1/8 Tu, the length of type-1 subframe is 0.617 ms. In Figure 15.3.6-B, the last DL subframe, i.e., DL SF4, is a type-1 short subframe whose last OFDMA symbol is an idle symbol to accommodate the gap required to switch from DL to UL. Figure 15.3.6-C shows an example of a frame structure in FDD mode.
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Figure 15.3.6-B AAIF TDD Frame Structure with a CP of 1/8 Tb (DL to UL ratio of 5:3 for TDD)
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Figure 15.3.6-C AAIF FDD Frame Structures with a CP of 1/8 Tb 

Frame structure for G = 1/16 

The AAIF frame structure for a CP length of 1/16 Tb shall consist of type-1 and type-2 subframes. 

For nominal channel bandwidths of 5, 10, and 20 MHz, an AAIF frame shall have five type-1 subframes and three type-2 subframes from 51 OFDMA symbols according to 15.3.5. In each TDD frame, the last one OFDMA symbol in a type-2 subframe shall be an idle symbol, which is used to accommodate the gap required to switch from DL to UL. Each FDD frame shall have five type-1 subframes and three type-2 subframes, and each TDD frame should have six type-1 subframes and two type-1 subframes.

In both TDD and FDD frames, the first subframe and the last subframe within each frame are type-2 subframes. In each TDD frame, irrespective of the DL to UL ratio in TDD, one type-2 sub-frame shall be located in the DL region, and the other type-2 sub-frame should be positioned in the UL region. The DL/UL switching point can be aligned with the frame structure with a CP length of 1/8 Tb in 15.3.6.2. In the FDD frame, there is an additional type-2 subframe located in [TBD]-th subframe.
Figure 15.3.6-D illustrates an example of TDD and FDD frame structure with a CP of 1/16 Tb. Assuming OFDMA symbol duration of 97.143 µs and a CP length of 1/16 Tb, the length of type-1 and type-2 subframes are 0.583 ms and 0.680 ms, respectively. 
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Figure 15.3.6-D TDD and FDD Frame Structure with a CP of 1/16 Tu (DL to UL ratio of 5:3 for TDD)
Frame structure supporting the WirelessMAN-OFDMA frames 

The WirelessMAN-OFDMA and AAIF frames are offset by a fixed number of subframes to accommodate AAIF features such as the synchronization channel (preamble), broadcast channel (system configuration information), and control channels. 
The WirelessMAN-OFDMA and AAIF consecutive subframes are time-multiplexed (TDM) across time domain for DL transmission. For UL transmissions, both TDM and FDM approaches are supported for multiplexing of WirelessMAN-OFDMA and AAIF MSs.
Frame structure supporting H-FDD MSs

[TBD]

Frame structure supporting wider bandwidth

Figure 15.3.6.6-A shows an example for the AAIF frame structure supporting WirelessMAN-OFDMA frame in a wider channel. A number of narrow bandwidth carriers of the AAIF can be aggregated to support wide bandwidth operation of AAIF MSs. One or multiple of the narrowband carriers can be designated as the WirelessMAN-OFDMA carrier(s). When the center carrier spacing between two adjacent carriers is an integer multiple of subcarrier spacing, there is no necessity to reserve guard subcarriers for the AAIF carriers. Different number of usable guard sub-carriers can be allocated on both sides of the carrier.


[image: image28]
Figure 15.3.6.6-A Frame structure supporting WirelessMAN-OFDMA frames with a wider channel
Frame structure supporting multicarrier operation in WirelessMAN-OFDMA support mode

[TBD]
Coexistence support in frame structure

The AAIF radio frames shall be time aligned with reference timing signal as defined in [TBD: Inter-BS Synchronization Section] and should support symbol puncturing to minimize the inter-system interference. 

Adjacent channel coexistence between the AAIF and other TDD systems may be facilitated by inserting either idle symbols or subframes within the AAIF frame.
The delay or offset between the beginning of an AAIF frame and other frame is applied in some configurations by allocating idle symbols or idle subframes. The information of the idle symbols or subframes for the coexistence support is transmitted via BCH defined in [TBD: Broadcast Control Channel Section]. 
Figure 15.3.6.8-A shows two examples for AAIF TDD frames (DL to UL ratios of 5:3 and 4:4) using frame offset to support the coexistence with E-UTRA TDD (DL to UL ratio of 2:2). 
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Figure 15.3.6.8-A Alignment of AAIF frame and E-UTRA frame in TDD mode

Figure 15.3.6.8-B demonstrates how coexistence between the AAIF (DL to UL ratios of 5:3) and UTRA LCR-TDD (DL to UL ratios of 4:3) can be achieved.

[image: image30.emf]DwPTS

GP

UpPTS

DL UL DL DL DL UL

AAIF : 5ms Frame

UL

Frame offset

D

L

DL symbol puncturing

LCR-TDD : 5ms Sub-frame LCR-TDD : 5ms Sub-frame

DL UL UL UL DL DL DL DL DL DL DL

DwPTS

GP

UpPTS

UL UL UL

D

L

UL UL UL


Figure 15.3.6.8-B Alignment of AAIF frame with UTRA LCR-TDD frame in TDD mode
Relay support in frame structure

[TBD]
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